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Wednesday, February 6, 2013 547aProtein structure determination by X-ray crystallography can be time consum-
ing and expensive. Several important classes of proteins, such as membrane
proteins and those containing intrinsically disordered regions, are severely un-
derrepresented in the PDB because they are difficult to crystalize. However,
there are other sources of information about protein structure, including as
experiments (e.g. cross-linking experiments, solid state NMR, EPR), bioinfor-
matics (e.g. secondary structure predictions, homologous proteins), and evolu-
tion (e.g. residue-residue contacts predicted from coevolution). These types
information share two properties. First, the information can be sparse. For ex-
ample, an experiment may give us a few residue-residue contacts, but we may
know little about the rest of the structure. Second, this information can contain
errors and ambiguities. Predictions from bioinformatics may have errors and
experimental results sometimes lack resolution and can be ambiguous. A suc-
cessful method must be able to reliably integrate such sparse and noisy data into
a reasonably accurate structural model. We are developing an algorithm, called
MELD: ModEling with Limited Data, that can deal with such data within
a sound statistical mechanical framework. I will outline how the method works
and present several examples of results obtained using MELD, including struc-
tural models constructed from limited solid-state NMR data and protein struc-
tures modeled from evolutionary contact predictions.
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Mapping the complete landscape of a protein’s conformational space is essen-
tial to understanding its functions and regulation. While X-ray crystallography
and NMR are able to provide atomic resolution of many proteins, their limita-
tions have made this process challenging for many proteins. An alternative
method to map dynamic structures is Fo¨rster resonance energy transfer
(FRET), a steep distance-dependent process of energy transfer between a donor
fluorophore and an acceptor molecule. Classical FRET, however, has been con-
strained by fluorophore pairs with long chemical linkers, large sizes, and long
R0 values (30 to 60 A˚). Here, we report that transition metal ion FRET
(tmFRET) can be used in a sensitive, rapid, highly parallel screen, to overcome
the limitations of classical FRET. The distances generated through this screen
for the protein Maltose Binding Protein (MBP) match distances from backbone
positions of the crystal structure of MBP to within a few angstroms. Further-
more, energy transfer accurately detects structural changes during ligand
binding. Finally, we show that tmFRET-derived distances can be used as con-
straints to guide molecular simulations to find low energy states of the protein.
Our results open the door to rapid and accurate mapping and prediction of pro-
tein structures and protein conformational movements at low concentrations, in
large complex systems, and in living cells.
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Protein side-chains occur in discrete low-energy, conformations known as ro-
tamers. Rotamers can be elucidated by analysing chi angle distributions in
high-quality protein models. A given side-chain’s rotamaricity is calculated
based on its position in multidimensional, chi-angle distributions, not by a sim-
ple distance from a rotamer-library member. The rotamers currently used in our
MolProbity service were defined by analysing 500 high-quality protein models
from the Protein Data Bank (PDB). The residues were then filtered by eliminat-
ing side-chains with clashes and those containing an atom with a B-factor
greater than 40A˚2. With the rapid growth of the PDB we have created
a much larger high-quality data set consisting of approximately 8000 protein
chains, the Top8000. Here I present how the Top8000 was used to improve
our rotamer definitions. Along with more stringent quality filters (B-factor,
clashes, and geometry) to eliminate dubious conformations, I am now develop-
ing a real-space correlation coefficient filter that will allow the elimination of
side-chains that have missing or very low density and thus have poor justifica-
tion for their assigned conformation. These new definitions will be used in sub-
sequent versions of both the MolProbity web service and in the Phenix
crystallographic software suite.
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Israel.We introduce here an approach to de novo design of desired enzymatic func-
tions. We rely on recently developed concept of elementary functional loops,
which is the minimal structural unit providing elementary reactions [1,2],
and the understanding of evolutionary connections between different folds
and functions obtained with this concept [3]. We explored how in Nature
elementary functions form diversity of enzymatic functions depending on their
combination. The major idea of this work is to use elementary functional loops
as building blocks in the rational design. The first goal is, therefore, to develop
descriptors of elementary functions providing a complete picture of their
sequences, structures, local interactions, and the interactions determined by
the environment (fold). We exemplify our approach with descriptors of
phosphate-binding function with Gly-rich signature and cation-binding func-
tion with Asp-rich signatures, showing how the corresponding sets of charac-
teristics provide their elementary functions. Finally, we sketch a catalog of
descriptors of elementary functions, which we plan to use in future design of
enzymatic domains.
1. Goncearenco, A. & Berezovsky, I.N. 2010. Prototypes of elementary
functional loops unravel evolutionary connections between protein functions.
Bioinformatics 26, i497-i503.
2. Goncearenco, A. & Berezovsky, I.N. 2011. Computational reconstruction of
primordial prototypes of elementary functional loops in modern proteins.
Bioinformatics 27, 2368-2375.
3. Goncearenco, A. & Berezovsky, I.N. 2012. Exploring the evolution of
protein function in Archaea. BMC Evol Biol 12, 75.
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Short peptidoglycan recognition protein (PGRP-S) is a member of the innate
immune system which provides the first line of defense to hosts against invad-
ing microbes. PGRP-S recognizes conserved motifs called pathogen associated
molecular patterns (PAMPs) present in microorganisms but absent in host. We
have determined the structure of camel peptidoglycan recognition protein
(CPGRP-S) with various PAMPs like peptidoglycans, lipopolysaccharide,
lipoteichoic acid, mycolic acid and five different fatty acids. The native struc-
ture revealed the presence of four crystallographically independent molecules
A, B, C and D in the asymmetric unit. The buried surface area calculations
indicated two stable contact regions, A-B and C-D which corresponded to
opposite faces of the protein molecule resulting in the formation of a linear
chain with alternating A-B and C-D contacts. This leads to the formation of
multiple subsites contributed by molecules A, C, and D and a supporting
diffusion channel formed by B and D molecules. The co-complexed structures
indicated that the glycan moieties which contain PAMPs bind at C-D interface
(PAMP-binding site) whereas the fatty acids occupy the cleft formed at A-B
interface demonstrating that the binding sites for glycans and fatty acids
are independent of each other. Similarly, the binary complex with the muramyl
dipeptide and ternary complex with N-acetyl-D-glucosamine and beta-maltose
revealed that these are accommodated in different sub-regions of the PAMP-
binding site. This indicates that the PAMP-binding site is capable of accepting
different kinds of PAMPs exhibiting varying specificities. It thus appears that
the mode of binding of CPGRP-S essentially involves the interactions with
the bacterial cell wall surface molecular patterns rather than cell membranes
leading to the sequestration of the bacteria. Hence, CPGRP-S may be a protein
antibiotic which may not suffer from bacterial resistance.
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Utilizing the virulence machine termed the Type III Secretion System (T3SS),
pathogenic -proteobacteria, such as enteropathogen O157:H7 Escherichia coli,
inject virulent effector proteins into host cells. These effectors subvert host cell
physiology, conveying a selective advantage to the bacterium. With x-ray crys-
tallography, we determined the structure of the Sakai strain O157:H7 E. coli
effector NleC, revealing a unique member of the Zincin zinc protease family.
NleC is known to abrogate the inflammatory response of host cells by targeting
NFkB subunits. While the presence of a zinc-coordinating aspartate places
NleC in the Aspzincin subfamily, the active site sequence is unique, placing
the phylogenetically distinct NleC in a new class of Aspzincins. The electro-
static surface potential of NleC reveals a strongly negative face cradling the
548a Wednesday, February 6, 2013catalytic zinc, which may mediate recognition of the positively charged NFkB
subunits that are substrates of NleC. In order to begin characterizing the spec-
ificity of NleC, we verified the cleavage site of RelA as within the DNA-
binding loop, which was contested in the literature. As with other Zincin family
members, there are several subsites visible on NleC’s surface, which likely bind
residues near the scissile bond of the target and provide specificity. To tease
apart the contributions to specificity between global binding and local recogni-
tion of the cleavage site, we are pursuing systematic mutagenesis of the RelA
DNA-binding loop. This information will be used to define additional potential
targets mediating NleC’s role in O157:H7 E. coli virulence. Additionally, be-
cause T3SS effectors are necessarily partially unfolded during secretion into
the host, we are investigating whether the stability of NleC differs from other
Zincins by utilizing thermal degradation and atomic force microscopy pulling
experiments.
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The myelin sheath is a unique membrane, tightly wrapped around selected
axons in the vertebrate nervous system. The multilayered myelin proteolipid
membrane contains a specific set of proteins, many of which share no homol-
ogy with other known proteins. We are interested in the structure, function,
interactions, and dynamics of myelin proteins and use multidisciplinary
methods to study these relationships. We have solved crystal structures of
myelin-specific proteins, characterized their membrane-binding properties,
and initiated experiments to pinpoint details of protein dynamics. Among
our most recent results are a comprehensive X-ray crystal structure-based
characterization of the reaction cycle of the myelin enzyme CNPase, the iden-
tification of several myelin-specific proteins as intrinsically disordered mole-
cules, and the analysis of molecular dynamics in myelin proteins and the lipid
bilayers they interact with by neutron scattering. All the results will be impor-
tant in understanding the formation of the myelin membrane multilayer, as
well as the roles the myelin proteins play in myelination and myelin-related
diseases.Platform: Membrane Structure II
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Gram-negative bacteria such as E.coli are protected by a surprisingly complex
cell envelope. The cell envelope is composed of membranes that form a protec-
tive barrier around the cells, and control the influx and efflux of solutes via
various routes and mechanisms. To study the influence of the bacterial mem-
branes on the dynamics of embedded outer membrane proteins (OMPs), we
have created virtual E.coli inner and outer membranes. Our atomistic-level
models incorporate the heterogeneity of the various lipid types, including
the lipopolysaccharide molecules of the outer membrane, the mixture of phos-
pholipids in the inner membrane and some of the peptidoglycan of the peri-
plasmic space. We have performed a series of simulations exploring how
these various membrane components influence the structure and dynamics,
and therefore function of the proteins that reside within them. Furthermore,
we have used coarse-grain models to enable simulation of much larger,
multi-protein systems on longer timescales, thus we are able to simulate sys-
tems of over 1 million particles on microsecond timescales. In summary, here
we provide an update on our efforts to model an entire organelle; the cell en-
velope of E.coli.
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CNRS, UMR5504, Toulouse, France.The incorporation of well-conformed membrane proteins within lipid bilayer is
an important challenge because these proteins play a major role in every living
cell and are key factors in cell-cell interaction, signal transduction and transport
of ions and nutrients. To insert an integral membrane protein in a lipid bilayer it
is important to separate the lipid bilayer from the supporting solid substrate in
order to minimize interactions of the protein with the substrate and to provide
adequate space for the protein incorporation.
We chose to produce two kind of lipid bilayer membrane, a suspended mem-
brane in which alpha hemolysin nanopores were produced and incorporated
and a tethered Bilayer Lipid Membrane (tBLM), spaced from the surface by
a tethering molecule as a polyethylene glycol (PEG), for the incorporation of
a transmembrane protein like Aquaporin Z.
The two membrane proteins were produced directly on the top of the lipid bi-
layers using a cell-free expression system, without any purification. This alter-
native technique is not affected by cell physiology and allows producing
membrane proteins in a correct conformation without toxicity limitation, pro-
tein aggregation or misfolding. To demonstrate that these proteins produced
with this cell free expression system are inserted and functional in a lipid bila-
yer, we used Quartz Crystal Microbalance with Dissipation monitoring (QCM-
D), Atomic Force Microscopy (AFM), Surface Plasmon Resonance (SPR) and
ion current recording experimentations.
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Biological membranes are heterogeneous and highly dynamical organizations
of lipids and proteins that define the outer boundary of a cell. Solid supported
lipid bilayers have often been studied as model systems to understand the struc-
tures and properties of such cellular membranes. Such systems are constrained
to a planar geometry and the strong support-membrane interaction could dis-
rupt the inherent structural and functional properties of the membranes. To ac-
curately mimic the biological membranes with their natural thermal
fluctuations, curvature deformity and in-plane mobility of lipid molecules,
a soft support is required. Hence, we have studied a double bilayer where the
upper floating bilayer has the structural freedom to reproduce the morphology
of a cellular membrane. Electron density profiles obtained from 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) bilayers by reflectivity stud-
ies using synchrotron x-rays provide unprecedented structural details of this
system. Further, the effects of Ca2þ ions on the structure of these systems
and the distribution of these ions near the bilayer have been investigated. These
ions are preferentially bound to the head group region of the bilayer, which
leads to a tight packing of lipids in the film. They cause the bilayer to thicken
by increasing the hydrophobic core of the bilayer. Again, these ions are ob-
served to intensify the flexibility of the bilayers, which is exhibited by the in-
creased interfacial roughness. With the added Ca2þ ions, the inter bilayer
separation is found to increase as a function of temperature and finally the float-
ing bilayer unbinds from the adsorbed one. Such an effect was not observed in
the absence of these ions.
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We previously discovered that the main component of bacterial cell
membranes, 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), self-
assembles into single-wall tubes with an outer diameter of 19.1 5 4.5 nm
and a length of close to 1 mm (synthetic lipid nanotubes, LNTs). 1
By exploiting the interaction of living cells (REF52) with LNTs, we demon-
strated cell contractility recording. The newly generated LNTs pattern upon
cell spreading exhibited structural fingerprints characteristic for cell types
and conditions. Monitoring the fluorescent-labeled LNTs and paxillin accumu-
lated at the focal adhesions of fibroblasts simultaneously, we proved that the
nucleation of new LNTs is linked to the cell’s focal adhesions and contractile
activity.
